The exact mechanisms responsible for increased plasma triglyceride (TG) concentration in obese people are unclear, and it is not known whether excess energy intake per se is involved in the pathophysiology of this abnormality.
I
t is well established that obesity, which develops in response to an imbalance in energy intake and energy expenditure, is associated with increased plasma triglyceride (TG) concentrations (both total and very-lowdensity lipoprotein [VLDL]-TG) (1) (2) (3) . The exact mechanisms responsible for the development of hypertriglyceridemia in obese people are less clear, and it is not known whether excess energy intake per se is involved in the pathophysiology of this abnormality. Results from long-term overfeeding studies are difficult to interpret because of the changes in body fat mass and the accompanying changes in fatty acid release into plasma, ectopic fat accumulation, and insulin sensitivity as people become obese (4 -9) . Fatty acids (derived from both plasma and splanchnic tissues) and insulin are major regulators of hepatic VLDL-TG secretion rates (10 -12) . The results from short-term overfeeding studies are inconclusive, in large part because dietary macronutrient content was manipulated along with dietary energy intake. Several studies report an increase in VLDL-TG secretion rate and plasma concentration after 4 to 7 days of consuming a hypercaloric high-carbohydrate diet (13) (14) (15) (16) , whereas several days of overfeeding with a high-fat diet actually lowered VLDL-TG concentration (15, 17) .
The purpose of our study was to examine how excess energy intake from a balanced diet for 1 day affects hepatic insulin sensitivity (evaluated by using the hepatic insulin resistance index (18) ), plasma free fatty acid (FFA) availability and hepatic VLDL-TG and VLDL-apolipoprotein B-100 (apoB-100) secretion rates. To this end, we measured plasma substrate and insulin concentrations and used stable isotope-labeled tracer methods to evaluate glucose and lipid kinetics in overweight and obese men on 2 occasions: once, the day after they consumed a balanced diet that provided an amount of energy that matched their energy expenditure, and another time, the day after they consumed a balanced diet that provided 30% excess calories. To provide some insight into potential mediators of changes in insulin sensitivity and lipid kinetics, we also measured the plasma concentrations of adipokines (highmolecular-weight adiponectin, visfatin, and resistin) that are known regulators of glucose and lipid metabolism (19, 20) and ␤-hydroxybutyrate rate of appearance in plasma, an index of (mostly hepatic) fatty acid oxidation. A group of age-matched, healthy, lean men was studied under isocaloric conditions only to provide a reference for normal lipid kinetics.
Subjects and Methods

Subjects and prestudy testing
Eight lean and 8 overweight and obese, age-matched men (Table 1) who had been sedentary (Ͻ1.5 hours exercise/wk) and weight-stable (Ͻ2 kg change) for at least 6 months participated in the study. Written informed consent was obtained from all subjects before participation in the study, which was approved by the Institutional Review Board of Washington University School of Medicine in St Louis, Missouri.
All subjects completed a comprehensive medical examination, including a detailed history and physical examination, a resting electrocardiogram, standard blood tests, and an oral glucose tolerance test. None of the subjects had evidence of chronic illness or significant organ dysfunction (eg, diabetes mellitus or cirrhosis) or were taking medications known to affect metabolism.
Total body fat mass and fat-free mass were determined by using dual-energy x-ray absorptiometry (QDR 1000/w; Hologic, Waltham, Massachusetts). Resting metabolic rate was determined after 30 minutes of bed rest by using online expiratory gas exchange analysis (TrueOne 2400; ParvoMedics, Sandy, Utah); the total daily energy requirement for weight maintenance in ambulatory but otherwise sedentary subjects was assumed to be 1.25 ϫ resting metabolic rate (21) .
Experimental design
Overweight and obese men completed 2 identical stable isotope-labeled tracer infusion studies each: one after an isocaloric day (ie, energy intake matched total daily energy requirement for weight maintenance) and another after a hypercaloric day (ie, energy intake exceeded total daily energy requirement for weight maintenance by 30%) in the Clinical Research Unit. Lean men completed only 1 (isocaloric) study. The 2 studies for overweight/obese subjects were carried out in randomized order, approximately 4 weeks apart. All subjects were instructed to consume their regular diet and to refrain from alcohol and exercise for at least 3 days before each study. They were admitted to the Clinical Research Unit in the late afternoon, the day before the iso-or hypercaloric study day, consumed a standard dinner between 6:00 and 7:00 PM, and then fasted, except for water, until the next morning.
Tracer infusion study
At 6:00 AM on the morning, a catheter was inserted into an arm vein for the infusion of stable isotope-labeled tracers, and a second catheter was inserted into a vein of the contralateral hand, which was warmed to 55°C by using a thermostatically controlled box to obtain arterialized blood samples. (22) (23) (24) ; the ␤-hydroxybutyrate infusion rate was based on the results from pilot studies (unpublished data). The glucose and ␤-hydroxybutyrate tracer infusions were maintained for 4 hours, and palmitate and leucine tracers were infused for 12 hours.
Blood samples were obtained immediately before administering the tracers at 5, 15, 30, 60, 90, 120, 150, 180, 210 , and 240 minutes after starting the tracer infusions and then hourly for another 8 hours to determine 1) plasma insulin, adipokine, and substrate concentrations; 2) VLDL-TG and VLDL-apoB-100 concentrations; 3) glycerol, leucine, ␤-hydroxybutyrate, palmitate, and glucose tracer-to-tracee ratios (TTRs) in plasma, and 4) glycerol and palmitate TTRs in VLDL-TG and leucine TTR in VLDL-apoB-100.
Isocaloric and hypercaloric study day diets
For each feeding day (isocaloric and hypercaloric), subjects consumed 3 meals (breakfast, lunch, and dinner served at 8:30 AM, 1:30 PM, and 6:30 PM, respectively) that contained equal amounts of energy and together provided 70% of total daily energy requirement for weight maintenance. During the isocaloric study, subjects consumed 2 snacks (one at 11:00 AM and another at 4 PM) that provided 15% of their total daily energy requirement each and provided the additional energy required for weight maintenance; during the hypercaloric trial, subjects consumed 2 snacks that provided 30% of total daily energy requirement each so that total energy intake exceeded total daily energy requirement by 30% (ie, 11 094 Ϯ 952 vs. 14 625 Ϯ 1088 kJ were consumed in the isocaloric and hypercaloric trials, respectively). Each meal and snack contained ϳ55% of total energy as carbohydrate, 30% as fat, and 15% as protein. Subjects were required to consume all of the food provided to them and were allowed to drink only water or noncaloric, caffeine-free beverages. An example of one subject's food and beverage intake is presented in Supplemental Table 1 (published on The Endocrine Society's Journals Online web site at http://jcem.endojournals.org).
Physical activity during the isocaloric and hypercaloric study days
During the day, subjects sat in a chair or rested in bed and were asked to walk around the Clinical Research Unit for 5 min every hour between 7 am and 7 pm. After dinner (7 pm), subjects rested in bed and fasted until the completion of the tracer infusion study the next day.
Sample collection, processing, and analyses
Blood samples were collected in chilled tubes containing either heparin (to determine glucose and insulin concentrations) or EDTA (all other analyses). Samples were placed in ice, and plasma was separated by centrifugation within 30 minutes of collection. Aliquots of fresh plasma were kept at 4°C for isolation of the VLDL fraction and measurement of total plasma apoB-100 concentration. The remaining plasma samples were stored at Ϫ80°C until final analyses were performed. The VLDL fraction was isolated from plasma by ultracentrifugation in a 50.4 Ti rotor (Beckman Instruments Inc, Palo Alto, California) at 100 000g for 16 hours at 10°C (2). The top layer, containing VLDL, was removed by tube slicing (Beckman Instruments). Aliquots of recovered VLDL fraction were kept in the refrigerator for immediate measurement of VLDL-apoB-100 concentration. The remaining samples were stored at Ϫ80°C until final analyses were performed.
Basal (0 and 2 hours averaged) plasma glucose concentration was determined on an automated glucose analyzer (Yellow Spring Instruments Co, Yellow Springs, Ohio). Basal (0 and 2 hours averaged) plasma insulin concentration was measured by using a chemiluminescent immunometric assay (Immulite 1000; Diagnostic Products Corp, Los Angeles, California). Basal (0 and 2 hours averaged) plasma ␤-hydroxybutyrate concentration was determined by using a colorimetric enzymatic kit (Cayman Chemical, Ann Arbor, Michigan).
Commercially available ELISAs were used to measure basal (average value of 2 samples during the first 30 minutes of the study) high-molecular-weight adiponectin (ALPCO Diagnostics, Salem, New Hampshire), visfatin (Phoenix Pharmaceuticals, Inc, Burlingame, California), and resistin (R&D Systems, Minneapolis, Minnesota) concentrations in plasma. Basal (0 and 2 hours averaged) plasma FFA concentrations were quantified by gas chromatography (HP 5890 series II GC; Hewlett-Packard, Palo Alto, California) (25) . Total plasma and VLDL-TG concentrations (0, 2, 4, 6, 8, 10, and 12 hours, data averaged) were determined by using a colorimetric enzymatic kit (Sigma Chemicals, St. Louis, Missouri). Total plasma and VLDL-apoB-100 concentrations (0, 2, 4, 6, 8, 10, and 12 hours, data averaged) were measured by using an immunoturbidity assay kit (Kamiya Biomedical, Seattle, Washington).
The TTRs of plasma free glycerol (all samples), glucose (0 -4 hours), palmitate (all samples), and leucine (all samples), and the TTRs of glycerol and palmitate in VLDL-TG (all samples) and leucine in VLDL-apoB-100 (all samples) were determined by using electron-impact gas-chromatography mass-spectrometry (MSD 5973 system; Agilent, Palo Alto, California) (2, 25) . Heptafluorobutyric (HFB) anhydride was used to form heptafluorobutyric derivatives of glycerol and glucose in plasma and glycerol in VLDL-TG. The t-butyldimethylsilyl derivative was prepared for the analysis of plasma leucine, and the N-heptafluorobutyryl n-propyl ester derivative was prepared for leucine in VLDL-apoB-100 (2, 25) . ␤-Hydroxybutyrate TTR (0 -4 hours) was measured by using positive chemical ionization and ions of mass to charge ratio of 333 and 335 for the unlabeled and labeled t-butyldimethylsilyl ␤-hydroxybutyrate, respectively. Plasma free palmitate and palmitate in VLDL-TG (all samples) were analyzed as methyl esters.
Calculations
Palmitate, glucose, and ␤-hydroxybutyrate rates of appearance (Ra) in plasma were calculated by dividing the tracer infusion rate by the respective average plasma TTR between 120 and 240 minutes (steady state); total FFA Ra was calculated based on the proportional contribution of palmitate to total plasma FFA concentration (26) .
The hepatic insulin resistance index (HIRI) was calculated by dividing the product of glucose Ra (in micromoles per minute) and plasma insulin concentration (in microunits per milliliter) by 1000 (18) .
The fractional turnover rate (FTR) of VLDL-TG was determined by fitting the TTR time courses of glycerol in plasma and glycerol in VLDL-TG to a compartmental model (22) . The absolute rate of VLDL-TG secretion (in micromoles per minute) was calculated as FTR ϫ C ϫ PV, where C is the concentration of VLDL-TG in plasma and PV is the plasma volume, which was estimated to be 0.055 L/kg fat-free mass (27) , because VLDL is restricted to plasma (28) . The VLDL-TG plasma clearance rate (milliliters per minute) was calculated by dividing the VLDL-TG secretion rate (micromoles per minute) by the VLDL-TG concentration (in micromoles per minute) in plasma.
The relative contribution of systemic plasma FFA to the VLDL-TG fatty acid pool was calculated by fitting the palmitate TTR in plasma and VLDL-TG to a compartmental model (2) . The systemic plasma fatty acid pool includes fatty acids from the systemic circulation that are taken up by the liver and directly incorporated into VLDL-TG or temporarily incorporated into rapidly turning over intrahepatic and ip TG stores before incorporation into VLDL-TG. The remaining fatty acids in VLDL-TG (nonsystemic fatty acids) are derived from pools of fatty acids that are not labeled with tracer during the infusion period, including 1) preexisting lipid stores in the liver and retroperitoneal fat depots, 2) lipolysis of plasma lipoproteins taken up by the liver, and 3) hepatic de novo lipogenesis.
The FTR of VLDL-apoB-100 was calculated by fitting the TTR time courses of leucine in plasma and leucine in VLDLapoB-100 to a compartmental model (2) . The total rate of VLDL-apoB-100 secretion by the liver (indicative of the secretion rate of VLDL particles because each VLDL particle contains a single molecule of apoB-100) (29) and VLDL-apoB-100 plasma clearance rate were calculated based on the FTR and plasma concentration of VLDL-apoB-100, as described for VLDL-TG.
Statistical analysis
Differences in lipid kinetics between lean and overweight/ obese men (isocaloric conditions) were evaluated by using Student's t test for independent samples. Substrate kinetics from the isocaloric and hypercaloric trials in overweight/obese men were compared by using Student's paired t test (for normally distributed data) or Wilcoxon's signed-rank test (for skewed data); normality of the distributions was assessed by using the Kolmogorov-Smirnov test. A P value Յ .05 was considered statistically significant. Results are presented as means Ϯ SEM or median (quartiles). All analyses were carried out with SPSS version 20 for Windows (IBM, Armonk, New York).
Results
Substrate and hormone concentrations and VLDL-TG and VLDL-apoB-100 secretion rates in lean and overweigh t/obese men
Plasma insulin, total TG, VLDL-TG, and VLDL-apoB-100 concentrations were more than 70% greater (all P Յ .02) in overweight/obese compared with lean men (Table  1) . Plasma glucose and cholesterol concentrations were not significantly different in lean and overweight/obese men (Table 1) .
VLDL-TG and VLDL-apoB-100 secretion rates were ϳ130% and 50% greater in overweight/obese compared with lean men (P Ͻ .01; Figure 1 ), respectively; the molar ratio of VLDL-TG to VLDL-apoB-100 secretion rates, an index of the average TG content of newly secreted VLDL particles, was ϳ60% greater in overweight/obese men, but the difference did not reach significance (P ϭ .13; Figure  1 ). The contribution of fatty acids from systemic to total VLDL-TG production was greater in lean than overweight/obese men (80% Ϯ 5% and 62% Ϯ 7%, respectively; P ϭ .04), whereas, accordingly, the contribution of nonsystemic fatty acid sources was less. The plasma clearance rates of VLDL-TG (25.4 Ϯ 2.4 vs. 22.4 Ϯ 1.7 mL/ min) and VLDL-apoB-100 (18.2 Ϯ 2.6 vs. 14.4 Ϯ 2.0 mL/min) were not significantly different between lean and overweight/obese men.
Effect of overfeeding in overweight/obese men
Substrate and hormone concentrations
Plasma insulin concentration was ϳ30% greater after overfeeding compared with isocaloric feeding (Table 2) . Plasma glucose, FFA, ␤-hydroxybutyrate, total plasma TG, and VLDL-TG concentrations were not different in the hypercaloric and isocaloric conditions, but total plasma apoB-100 concentration tended to be greater (P ϭ .09) and VLDL-apoB-100 concentration was significantly greater (P Ͻ .001) after hypercaloric than isocaloric feeding ( Table 2 ). The plasma concentrations of high-molecular-weight adiponectin, visfatin, and resistin were not affected by overfeeding (Table 2) .
Glucose, FFA, and ␤-hydroxybutyrate kinetics
Glucose rate of appearance (Ra) ( Table 3 ) and the HIRI (Figure 2) , which assesses the rate of glucose production in relation to the prevailing insulin concentration, were both greater (P Ͻ .05) after hypercaloric than isocaloric feeding. There were no differences between trials in FFA or ␤-hydroxybutyrate Ra in plasma (Table 3) .
VLDL-TG and apoB-100 kinetics
Hypercaloric feeding had no effect on the secretion rate of VLDL-TG (Figure 3 ) but significantly increased VLDLapoB-100 secretion rate (P Ͻ .05; Figure 3) . Therefore, the molar ratio of VLDL-TG and VLDL-apoB-100 secretion rates, an index of the average TG content of newly secreted VLDL particles, was ϳ25% smaller in the hypercaloric than the isocaloric trial (P Ͻ .05; Figure 3 ). The contribution of fatty acids from systemic and nonsystemic sources to total VLDL-TG production was not different between trials; systemic fatty acids accounted for 62% Ϯ 7% and 66% Ϯ 5% of all fatty acids in VLDL-TG in the isocaloric and hypercaloric trials, respectively (P ϭ .59). The plasma clearance rates of VLDL-TG and VLDLapoB-100 were not affected by hypercaloric feeding (VLDL-TG, 22.4 Ϯ 1.7 and 20.8 Ϯ 2.9 mL/min; VLDLapoB-100, 14.4 Ϯ 2.0 and 15.2 Ϯ 2.3 mL/min in the isocaloric and hypercaloric trials, respectively).
Discussion
Obesity develops in response to excess food intake in relation to energy expenditure and is often associated with hypertriglyceridemia (1, 30) , which results from an imbalance between hepatic VLDL-TG secretion and plasma clearance rates (2, 3, 31) . In obese men, increased plasma VLDL-TG concentration is predominately due to increased VLDL-TG secretion (2, 3, 31) , and our results confirm this finding. The goal of the present study was to find out whether excess energy intake (and the resulting positive energy balance) per se contributes to these abnormalities in VLDL-TG metabolism or whether they develop secondary to increased body fat stores and the accompanying increase in FFA release from adipose tissue and insulin resistance in obese persons (2, 3, 8, 9) . To this end, we evaluated the acute (1 day) overfeeding-associated changes in hepatic insulin sensitivity, FFA appearance in plasma, and VLDL-TG and VLDL-apolipoprotein B-100 (apoB-100) kinetics in overweight and obese men and found that excess energy intake induced hepatic insulin resistance and stimulated hepatic VLDL-apoB-100 secretion but had no effect on plasma FFA availability, ␤-hydroxybutyrate production, hepatic VLDL-TG secretion, or VLDL-apoB-100 and VLDL-TG plasma clearance rates. These results indicate that hepatic glucose and apoB-100 metabolism are sensitive to acute (1 day) moderate increases in net energy balance in overweight/obese men, whereas hepatic and adipose tissue fatty acid/TG metabolism are not. Positive energy balance due to moderate excess energy intake for a single day therefore does not acutely exacerbate hypertriglyceridemia in obese men.
The effect of overfeeding on hepatic insulin sensitivity is well known. Significant increases in both plasma insulin concentration and endogenous glucose Ra have been reported after short-term (4 -5 days) overfeeding of carbohydrates (32) as well as fat (17) . Our results, which demonstrate a significant increase in hepatic insulin resistance Figure 1 . A-C, VLDL-TG (A) and VLDL-apoB-100 (B) secretion rates into plasma and the molar ratio of VLDL-TG to VLDL-apoB-100 secretion rates (C), an index of the average TG content of newly secreted VLDL particles, in lean and overweight/obese men. Data are means Ϯ SEM. *, Value in the overweight/obese men is significantly different from the corresponding value in lean men, P Ͻ .01.
after only 1 day of overfeeding on a mixed diet, confirm these findings and suggest that hepatic insulin resistance develops rapidly during periods of positive energy balance irrespective of dietary macronutrient composition. However, our results with regard to VLDL-TG kinetics differ from those obtained in previous short-term overfeeding studies. Several investigators demonstrated that shortterm (4 -7 days) overfeeding induced an increase in the rate of VLDL-TG secretion and plasma VLDL-TG concentration (13-16), whereas we found no effect of overfeeding on VLDL-TG kinetics and plasma concentration. The discrepancy in results could be due to the longer duration of overfeeding or the amount of excess energy provided in these (4 -7 days and 35%-250% above requirements for weight maintenance) compared with our study (1 day and 30% above requirements for weight maintenance). However, we consider it to be more likely due to the fact that all of the extra energy in these previously published studies was provided as carbohydrates, whereas we provided the extra energy balanced between carbohydrates, protein, and fat. Dietary carbohydrate content is a major regulator of VLDL-TG secretion. We (33) and others (34, 35) have previously reported an increase in hepatic VLDL-TG secretion and plasma concentration even in response to an isocaloric high-carbohydrate vs high-fat diet. In fact, several investigators (15, 17) have reported a decrease in plasma VLDL-TG concentration after 5 to 7 days of overfeeding a high-fat diet. Together, these results suggest that VLDL-TG metabolism, at least in the short-term, appears to be more sensitive to dietary macronutrient composition than energy content and the alterations in VLDL-TG kinetics that are associated with obesity are not due to overfeeding per se. This concept is further supported by the findings from a short-term calorie restriction study, in which 1 day of consuming a 30% calorie-reduced, mixed diet had no effect on VLDL-TG kinetics and plasma concentrations (36) .
The acute/short-term effect of excess caloric intake on VLDL-apoB-100 kinetics has, to our knowledge, never been evaluated. Furthermore, only 1 study has examined the effect of chronic (100 days) overfeeding on VLDLapoB-100 concentration and consistent with the results from our study, found that it increased (4) . A dissociation in the response of VLDL-TG and VLDL-apoB-100 kinetics to dietary interventions was first noted by Melish et al (34) who found that changing dietary macronutrient composition affected the VLDL-TG but not VLDL-apoB-100 secretion rate in men. In our study, overfeeding increased the VLDL-apoB-100 (ie, VLDL particle) but not VLDL-TG secretion rate. Such uncoordinated changes in Figure 2 . HIRI on the morning after the isocaloric and hypercaloric study days in overweight/obese men. Data are means Ϯ SEM. *, Value in the hypercaloric trial is significantly different from the corresponding value in the isocaloric trial, P Ͻ .05. (38) demonstrated that hepatic secretion of small rather than large VLDL particles is associated with increased plasma concentrations of total low-density lipoprotein (LDL) and small, dense LDL, which are thought to be particularly atherogenic (39) . On the other hand, an increased plasma concentration of large, more TG-rich VLDL (rather than small, dense VLDL particles) is also associated with coronary artery disease (40) . These results are not necessarily inconsistent with each other. The concentration and size of circulating VLDL is not only determined by the secretion rate and size of the newly secreted particle but reflects the balance between the number and TG content of VLDL secreted into the circulation and the rate of TG removal from circulating VLDL via lipoprotein lipase-mediated lipolysis, neutral lipid exchange with other lipoproteins (eg, high-density lipoprotein), conversion of VLDL to smaller, denser lipoprotein particles (eg, intermediate-density lipoprotein and LDL), and direct uptake of VLDL by tissues. Hence, increased production of (on average) smaller, denser VLDL particles and increased plasma concentration of large, TG-rich VLDL are not mutually exclusive.
Optimizing VLDL kinetics to achieve cardiovascular health through diet appears to require attention to both dietary energy and macronutrient content. The mechanisms responsible for the increase in VLDLapoB-100 secretion after a day of overfeeding remain uncertain but are likely related to the overfeeding-induced insulin resistance in the liver. Insulin is an important regulator of hepatic apoB-100 turnover and VLDL particle assembly and secretion and limits VLDL particle secretion; impaired insulin signaling due to insulin resistance limits the inhibitory effect of insulin on apoB-100 degradation and promotes VLDL particle assembly and secretion of VLDL particles (41, 42) . Hepatic VLDL-TG secretion, however, was not affected by the overfeedinginduced insulin resistance, although insulin is also involved in regulating hepatic VLDL-TG secretion. Insulin 1) suppresses hepatic VLDL-TG secretion via forkhead box O1-mediated reduction in microsomal transfer protein activity (43) as well as the insulin-mediated suppression of adipose tissue lipolysis and thus plasma fatty acid availability for VLDL-TG synthesis (12) and 2) stimulates de novo lipogenesis and VLDL-TG secretion (44 -46) . However, alterations in insulin sensitivity (evaluated by probing glucose metabolism) are not always associated with changes in hepatic VLDL-TG secretion (3, 47) , most likely because hepatic VLDL-TG secretion is less sensitive to insulin than hepatic glucose production (48) . The changes in plasma insulin concentration and hepatic insulin sensitivity in our study were small, and plasma fatty acid availability was not affected by overfeeding in our study; furthermore, any overfeeding-induced increase in de novo lipogenesis probably only minimally affected the total hepatic VLDL-TG secretion rate because de novo lipogenesis contributes little to total hepatic VLDL-TG secretion, and it has been demonstrated that 1 day of carbohydrate overfeeding (providing 150% energy in excess of requirements) increased the rate of de novo Figure 3 . A-C, VLDL-TG (A) and VLDL-apoB-100 (B) secretion rates into plasma and the molar ratio of VLDL-TG to VLDL-apoB-100 secretion rates (C), an index of the average TG content of newly secreted VLDL particles, on the morning after the isocaloric and hypercaloric study days in overweight/obese men. Data are means Ϯ SEM. *, Value in the hypercaloric trial is significantly different from the corresponding value in the isocaloric trial, P Ͻ .05.
lipogenesis severalfold but did not alter total VLDL-TG secretion (49) .
Our study has several limitations: 1) we studied only overweight and obese men; 2) we evaluated the metabolic response to only a single day of overfeeding; 3) we evaluated only a single dose of excess energy intake; and 4) the amount of overfeeding in our study was relatively moderate. Therefore, it remains unclear whether longer duration or different degrees of mixed meal overfeeding would result in similar responses and/or whether similar responses to overfeeding would occur in other study populations (ie, lean subjects, women, etc,). The results from our study should therefore not be generalized.
In summary, the results from our study demonstrate that moderate excess energy intake rapidly (within a day) induces hepatic insulin resistance and stimulates VLDL particle secretion, whereas hepatic VLDL-TG secretion and FFA and ␤-hydroxybutyrate release into plasma are not affected by a single day of excess energy intake. A relatively modest (30%) positive energy balance due to excess energy intake per se therefore does not exacerbate hypertriglyceridemia in overweight/obese persons.
